Synthetic Chemistry General Experimental
All reagents were ACS reagent quality and used without further purification unless otherwise noted. The following compounds were prepared according to literature procedures: 5'-O-(4,4'-dimethoxytrityl)-2'-amino-2'-deoxyuridine (2) by the method of McGee, 1 trifluoromethanesulfonyl azide was prepared by the method of Yan et. al. 2 Synthetic methods for 5'-O-(4,4'-dimethoxytrityl)-2'-azido-2'-deoxyuridine (3), are known 3, 4 but an alternate synthesis and additional characterization data are provided.
All reactions were stirred with a magnetic stir bar and conducted under a dry argon atmosphere. Analytical thin layer chromatography (TLC) was performed on 0.2 mm silica plastic coated sheets with F254 indicator. Flash column chromatography was performed on 230-400 mesh silica gel.
NMR spectra were obtained at the following frequencies: 1 H (500 MHz) and 13 C (125 MHz). Chemical shifts are reported in parts per million (ppm) and coupling constants are reported in hertz (Hz).
1 H NMR spectra in CDCl 3 were referenced to tetramethylsilane (TMS = 0.0 ppm) as an internal standard.
1 H NMR spectra in methanol-d 4 were referenced to the residual water peak at 4.87 ppm.
13 C NMR spectra taken in CDCl 3 were referenced to the solvent peak at 77.0 ppm. IR spectra for characterization purposes were obtained as ATR spectra of a thin film and the absorptions are reported in cm -1 . Melting points were measured on a Mel-Temp melting point apparatus and are uncorrected.
Abbreviations: ATR (attenuated total reflectance); DMF (N,N-dimethylformamide); DMSO (Dimethyl sulfoxide); FC (flash column chromatography using silica gel); MeOH (methanol); EtOAc (ethyl acetate); H2O (deionized water); NBS (N-Bromosuccinimide); NEt 3 (triethylamine). 
5'-O-(4,4'-dimethoxy)trityl-2'-azido-5-bromo-2'-deoxyuridine (4).
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Experimental IR Data
Equilibrium FTIR Measurements. Equilibrium FTIR absorbance spectra were recorded on a Bruker Tensor 37 FTIR spectrometer equipped with a globar source, KBr beamsplitter and a room temperature deuterated L-alanine-doped triglycine sulfate (RT-DLaTGS) detector. The spectra were the result of 256 scans recorded at a resolution of 1.0 cm -1 . The transmission measurements were recorded using a temperature-controlled cell consisting of calcium fluoride windows with a path length of ~100 µm. The temperature of the IR cell was controlled by a water bath and the sample temperature was measured by a thermocouple embedded in the cell. The FTIR absorbance spectra were baseline corrected. The concentration of N 3 CNdU was 50 mM for each spectra unless otherwise noted and were recorded at 293 K except for the variable temperature spectra in water. The mixed solvent systems of DMSO and water were prepared by volume.
Line Shape Fitting. Line shape analysis was used to model the azide and/or nitrile IR absorbance band of N 3 CNdU in THF and methanol. Each absorbance band was modeled by one or more line shape functions. Each line shape function consisted of a linear combination of a Gaussian and Lorentzian function as shown in Equation 1: Density Functional Theory Calculations. Geometry optimizations, single-point energy calculations, and vibrational analyses were carried out on model systems using the quantum chemical software package, Gaussian 03 on a multi-processor Mac Pro computer. 6 The calculations were performed at the density functional theory (DFT) level using the B3PW91 density functional 7, 8 with a 6-31++G(d,p) basis set. 9, 10 The calculations were performed in the gas phase with or without one explicit water molecules to simulate different H-bond interactions between the nitrile group of 5-cyanouracil or the azide group of 2-azido-1,2-dideoxyribose with water. The model structures were constructed using the graphical user interface, GaussView 4. 
